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Fig. 1 7-DOF full-car model 
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□ □□□□□□□ : Z = [Zi ,z 2 ] T □ 

z i == [•£<• ,cp ,6 ] , 

^2 ~ ^-^s/Z -^w/Z 9X s f r DC u f r )X sr i 9 

Z 3 j^^w/Z ^0/Z 9 X u f r 3^0 fr 9 ^vtrl ^OrZ 9 DC urr *3^0rr o 

□ □ □ □ □ 

' L-^ s/Z ? s/r ? ^ srl 9 X srr 9 X s f l X u fl 9 X s f r X u f r 9 

Xsrl ~ Xurl >X„ ~ X urr Y o □ □ X^'jip" ,d "□□□□□□ 

□ □□□>□□□□□□□□□□□□□ ’X sj —X uj 

(j = fl,fr,rl,rr)[] □ □ □ □ □ a\, 0 □ □ □ 


□ □.□□□□□□□□□□□□□□ u A = 

\_Ukfl fUkfr fUfrl lUkrr j’"U c fl • U c f r • li, r l ,Ua- r ~\ T , □ □ □ □ 
D Ya = \~ykfl * ytfr * ykrl > ykrr 1 "■ y c fl > 30/r * O'er; * O'or] 1 o 

□ □□□□□□□□: 


X 


Z X] T = Gi 


rX 

W 

U 

U A 


( 10 ) 


Gi 


A 

Bi B 2 

Cl 

Dn Di 2 

c 2 

D21 D22 

c 3 

P31 P32 


( 11 ) 


□□□□□□/□□□□□vn□□□□□ 
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□ □□□□□□□□□. 

□ □□□□□□□□□□>□□ 2 □ □ . □□ 
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□ □□□□□□>□□□□□□ □ □ □ z,n 
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□ 2 □□□□□□□□ 

Fig. 2 Open-loop diagram for the uncertain system 


□□□□□□□□□. 

□ □ □ □ [3]D □□□□□□□□□□□-□□ 
□ □□□□□□□□□□>□□□□□□□□□.□ 
□□□□□□□□□□□□□□□□□□□□<□ 
□ □□□□□□□□□□□□□□□□□: = 

0. 0142 - 9 F* ,w 2 = 0. 0142 + + ,w 3 = 0. 0142 

5+10 5+1 
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+ 1 
+ 10 ’ 


0. 029 


5 + 350 
5+ 10 ° 


□ □□□□□□□□□□□□□□□□ P.D 

□ □ 3D □□□□□□□□□□□□□□□□□ 

□ •□□□□□□□□□□□ 4Q □□□□□□□„ 



□ 3 □□□□□□□□□□□□□□ 

Fig. 3 Closed-loop diagram for the uncertain sys¬ 
tem with weighted function 



I_I 


□ 4 □□□□□□□□□□ 

Fig. 4 Equivalent block of the uncertain system 


□ □□□□□□ PDDDDDDDD./*□□□□ 

□ □ d-k □□□□□□□□□ k, n «□□□□, 

□ □□□□ K UU sup^ [F, (P,K) (jcy)]< 1 □ □ , 

□ □□□□□□□□□□. 

3 □□□□□□□□ 

□ □□□□□□□□□□□□□□ .□ □ □ 

Matlab/ Simulink □□□□□□□□□□□□□□» 

□ □□□□□(□□ !□□>□□□□□□□□ 

40-70 km/h □□□□,□□□ 10 km/h Q □ □ □ 

□ □□□>□□□□□□□□□□□□□□□□□ 

□ □ □ o 


□ 1 □□□□□□□□□□□ 

Tab. 1 Parameters of a domestic self-brand vehicle 


□ □ 

□ 

□ □ □ □ I ,/(kg • m 2 ) 

1920 

□ □ □ □ h/(kg • m 2 ) 

386 

□ □ □ □ mjkg 

1390 

□ □□□□□ rn.fl kg 

37 

□ □□□□□ TVly / kg 

28. 5 

□ □ □ □ F//(N • m -1 ) 

192000 

□ □ □ □ +/(N • m- 1 ) 

192000 

□□□□□□□ + m 

1. 13 

□ □□□□□□ b/m 

1. 47 

□ □ bj m 

% 47 

□ /□□□□□□□ (+/F)/(N • m-X 

□ /□□□□□□ (c f /c T )/(N • s • m- 1 

' 30000/25000 

) 1550/1650 




□ □□□□□. M= F ;( P,K) = 


Mi 


m 12 - 
-A+22 _ 


.□ 




□ □□□□-□□□□□□□□□□□□□□ 
ADDDDDDDDDDDD. 

x'oj (f ) =— 2itniU x x 0 j (£) + 2im 0 yG, (W 0 )U x v (t ) 

(14) 


- = F u( F l( P,K),A) (13) 

w y v ' ’ 

□□□□□□□□□□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□□ 

□ .□□□□□□Do □□□□□□□□□□□□ 
□□□□□□□□□□>□□□□□□□□□□□ 

□□□□□□□□□□□□□□□□□□□□□> 

□ □□□□□□□□□□ = □□□□□□□ 4 □ 


□ □ «1 □□□□□□□ . «1 = 0 . oil 5 «o □ D □ 

□ □ > M 0 = o. i.^(f)DDDD o □□□□□□ ; 
G, (Mo )□□□□□□□□. A0D 0 0 0 0 16 x 

10~ 6 m“ 3 o 

□ □□□□□□□□□. □□□□□□□□□□□ 

□□□□2DD. 

□ 2D □□□□□□□□□□□□,□□□□□ 

□ □□□□□□□□□□□-□□□□-□□□□□a 

□ □□□□□□□□□□□□-□□□□□□□Do 
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□ 2 □□□□□□□□□□□□□ 

Tab. 2 Comparison between the test data and 
the simulated data 


□ □ 

□ □ / 

(km • h _1 ) 

□ □□□□□□ /(m- s' 

-*> 


□ □ 

□ □ 

□ □ □ □ □ 

□□□□□□□□□ 

□ □ □ □ 

40 

0. 215 

0. 219 

0. 226 

50 

0. 216 

0. 214 

0. 219 

60 

0. 221 

0. 220 

0. 223 

70 

0. 256 

0. 282 

0. 264 


4 □□□□□□□□□ 

□ □□□□□□□>□□□□□□□□□□□ 

□ □ □ □ :/>*=0. 15,/> c = 0. 15,/>* = (). 15,□ 0 /-<□ 

□ □□□□□□□□□□□. □□□□□□□□ 

□ >□□□ !□□□□ L = 0. OOAH ,R = 1. 2 fl,«p = 
47. 69 N/A.D □□□□□□□□□□ 0 □ □ □ □ 

□ □-□□□□□□□□□□□□□□□□□□□ 

□ □.□□□□□□□•□□□□□a 

□ □□□□□ //□□□□□□» 



□ 5 /*□□□□□□□□□ 

Fig. 5 Robust stability for the fj. synthesis control 



□ 6 //□□□□□□□□ 

Fig. 6 Robust performance for the fj. synthesis control 


□ □ 5 □ 6 □ □ , //□□□□□□□□□□□ 

□ □□□□□□□□□□a !.□□□□□□□□. 

4Q□□□□□□□□□□□□□□□□□, 



□ 7 

Fig. 7 Amplitud^frequency characteristics curves of the 
left-front road excitation to the body acceleration 



□ 8 

Fig. 8 Amplitud^frequency characteristics curves of the 
left-front road excitation to the pitch angular accel¬ 
eration 
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□ 9 

Fig. 9 Amplitude-frequency characteristics curves of the 
left-front road excitation to the roll angular accel¬ 
eration 
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Fig. 10 Amplitud^frequency characteristics curves of the 
left-front road excitation to the left-front suspen¬ 
sion deflection 
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Fig. 11 Amplitude-frequency characteristics curves of the 
left-front road excitation to the left-front tire de¬ 
formation 
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Fig. 12 Body vertical acceleration 
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Fig. 13 Body pitch angular acceleration 
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Tab. 3 Data statistics for the root mean square values of per- 
formance 
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□ 14 □□□□□□□ 

Fig. 14 Left-front suspension deflection 


m 

-Inc • ■ 


w 


3H 


10 
0 

-10 

012345678 

Htfil/s 


■ j _i_i_i_i_i_y 



s. 


«K 

•Wffl 


2 
0 

-2 

012345678 

Wl'0]/s 


_ nrn/s _ 

■ /v Ww/w f\A^Jvy^ 

_i_i_i_i_i_i_i_ 
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Fig. 15 Outputs of the actuating motor 
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Fig. 16 Power spectral density of the body vertical acceler¬ 
ation 
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Fig. 17 Power spectral density of the suspension deflection 
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Fig. 18 Power spectral density of the tire deformation 
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Robust control research for full-car active suspension 
based on the p synthesis algorithm 

ZHOU Bing 1 , WU Xiao-jian 1 , WEN Gui-lin 1 , QIU Xiang 2 

(1. State Key Laboratory of Advanced Design and Manufacture for Vehicle Body, Hunan University, Changsha 410082, China; 

2. The Center of Collaboration and Innovation, Jiangxi University of Technology, Nanchang 330098, China) 

Abstract: Considering that uncertain parameters of suspension system and noise interference of sensor measurements are prone 
to lead to weak robustness. The full-car model can accurately illustrate the vehicle vibration response and the p synthesis con¬ 
trol method has less conservative for multiple uncertainties dynamics system. A control system is developed for the full-car mod¬ 
el active suspension system. Firstly, twelve uncertainties including spring stiffness, damper coefficient and motor time constant 
are taken into account. The dynamics model with uncertainties is established based on the linear fractional transformation 
(LFT) method. The accuracy of the full-car model is validated by real test. Subsequently, a robust controller is designed for 
the uncertain dynamics system using the p synthesis algorithm. The upper and lower bounds of the structured singular value 
show that the control system has good robust stability and robust performance. Finally, a comparison between a p synthesis 
controller and an H^ controller in both frequency domain and time domain indicates that the p synthesis control system is more 
effective to improve vehicle ride and safety performance. 

Key words: active suspension; robust control; p synthesis; uncertainty; full-car model 
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